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Immunology SelectThe ability to distinguish self from nonself is crucial for proper immune system function, and disruption of self-tolerance
can lead to the development of autoimmune disease. This Immunology Select highlights recent studies that uncover new
mechanisms for inducing self-tolerance and provides insights into how self-tolerance breaks down in disease.
Self-Eating for Self-Tolerance
To circumvent the inevitable problem that some developing T cells possess affinity for
self-antigens, immature T cells are subjected to negative selection in the thymus. A
new player in the process of thymic selection—autophagy—is described in a recent
paper by Nedjic et al. (2008). Although autophagy (degradation of the cell’s own com-
ponents through the lysosomal pathway) is usually observed during periods of nutrient
limitation, the authors find that autophagy in the thymus is permanently elevated. Dur-
ing thymic selection, self-antigens are presented to T cells bymajor histocompatibility
(MHC) molecules on thymic epithelial cells. T cells that harbor receptors with high
affinities for presented self-antigens are eliminated by apoptosis. The authors now
provide evidence suggesting that autophagy may contribute to the processing and
loading of endogenous self-antigens onto MHC class II molecules expressed by thy-
mic epithelial cells. To ascertain the importance of autophagy in thymic selection, the
authors examined mice lacking Atg5, a gene encoding an essential component of
autophagosome formation. The authors predicted that as a result of Atg5 deficiency,
theMHCclass II-ligand repertoire against which autoreactive CD4 T cells are selected
might be limited both in terms of the variety and the abundance of MHC ligands. Such
a limitedMHC-ligand repertoirewouldbe likely todecrease the effectiveness of thymic
selection, allowing more autoreactive T cells to escape elimination. Nedjic et al. show
that this is indeed the case in a transplant mousemodel. Athymic mice implanted with
thymus tissue from mice lacking Atg5 develop autoimmune pathology characterized by inflammation of the gut (colitis) and
other organs indicative of aberrant thymic selection and a breakdown in self-tolerance. Future work should examine whether
a defect in autophagy contributes to autoimmunity in humans, a possibility raised by the recent discovery that the human
autophagy gene ATG16L1 is part of a susceptibility locus for the inflammatory gut disorder Crohn’s disease.
J. Nedjic et al. (2008). Nature. Published online August 13, 2008. 10.1038/nature07208.
Aire-ing out Self-Tolerance in the Periphery
To facilitate negative selection of T cells against self-antigens in the thymus, medullary thymic
epithelial cells express genes not normally expressed in thymic tissue under the control of the
transcriptional regulator Aire (autoimmune regulator). Gardner et al. (2008) nowmake the strik-
ing discovery that stromal cells expressing Aire exist in peripheral lymphoid organs, suggesting
the presence of another layer of selection to remove autoreactive T cells. Using mice engi-
neered to express a pancreas-specific antigen tagged with green fluorescent protein (IGRP-
GFP) under the control of theAire promoter, the authors identified cell populations that express
Aire within peripheral lymph nodes, spleen, and lymphoid structures in the gut called Peyer’s
patches. To determine whether these extrathymic Aire-expressing cells (eTACs) are capable of
eliminating autoreactive T cells, the investigators introduced T cells harboring antigen recep-
tors specific for the IGRP-GFP antigen into both wild-type mice and mice expressing the re-
porter gene. They found that the introduced T cells were almost completely eliminated in 2
weeks inmice that express IGRP-GFPbut not inwild-typemice. They also used two-photonmi-
croscopy to observe antigen-specific interactions between labeled T cells and Aire-expressing
stromal cells in the periphery. Intriguingly, microarray analysis showed that the genes regulated
by Aire in the periphery have little overlapwith Aire-regulated genes in the thymus. This disparity
raises the exciting possibility that the role of Aire in these peripheral lymphoid organs may be
nonredundant and complementary to its role in the thymus.
J.M. Gardner et al. (2008). Science 321, 843–847.
Can’t Keep a Good Treg Down
Regulatory T cells (Tregs) play an important role in suppressing lymphocyte activity and modulating immune responses. Lis-
ton et al. (2008) now report the unexpected finding that the thymic cortex is sufficient to induce Treg lineage commitment.
Previous work has implicated thymic dendritic cells and medullary epithelial cells in the differentiation of Tregs. The thymic
cortex also harbors another antigen-presenting cell type, the cortical thymic epithelial cell. However, given that mature Tregs
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have not been observed to accumulate in the cortex, cortical thymic epithelial cells have not been thought to play a role in Treg
differentiation. In their study, the authors first ruled out the requirement for thymic dendritic cells in Treg differentiation. Mice
lacking antigen presentation in thymic dendritic cells showed no defect in commitment of T cells to the Treg lineage. The au-
thors identified Tregs through expression of the marker FOXP3, a transcription factor that regulates Treg development. Then,
the investigators established that antigen presentation by the medullary thymic epithelial cells is also not essential for Foxp3
expression and Treg lineage commitment. Most intriguingly, Liston et al. found that during the maturation of Tregs, forced
retention of T cells in the mouse thymic cortex by administration of a bacterial toxin did not disrupt their commitment to
the Foxp3+ lineage. Indeed, themice exhibited no decrease in the overall number of Foxp3+ Tregs, suggesting that the cortical
microenvironment is sufficient to promote Treg maturation. Because accumulation of mature Tregs is normally observed in
the medulla and not in the cortex of the thymus, the authors propose a model in which Treg development in the cortex is
followed by rapid migration of these cells to the medulla. By demonstrating the sufficiency of the thymic cortex in supporting
Treg differentiation, Liston et al. suggest that multiple cell types can be involved in directing Treg development. This raises
the intriguing general question of whether a diversity of environments for directing T cell differentiation translates into a
subsequent diversity in T cell receptor specificity.
A. Liston et al. (2008). Proc. Natl. Acad. Sci. USA 105, 11903–11908.
Orphans Take On Autoimmunity
Naı¨ve T cells respond rapidly to contact with antigen through a series of signaling events that
lead to T cell activation. Hermann-Kleiter et al. (2008) now uncover a new regulator in the
signaling cascade of T cell activation—the orphan nuclear receptor NR2F6. It is known that
the signaling pathway triggered by antigen engagement of the T cell receptor is mediated by
protein kinase C (PKC) and culminates in the activation of the transcription factors NF-AT (nu-
clear factor of activated T cells) and AP-1 (activator protein-1). The authorsmade the initial con-
nection between T cell activation andNR2F6 through a search for PKC substrates. Biochemical
experiments confirmed that NR2F6 can indeed be regulated by PKC activity: phosphorylation
of NR2F6 by PKC abrogates its ability to bind to DNA. Further experiments in cultured cells im-
plicated the orphan nuclear receptor as a repressor of NF-AT and AP-1 transcriptional activity.
Specifically, NR2F6 appears to negatively regulate the expression of both NF-AT and NF-AT
target genes via its DNA-binding activity. Notably, NF-AT controls expression of interleukin-
17 (IL-17), which is required for activation of T helper 17 (Th17) cells, a T cell lineage thought
to play an important role in autoimmunity. In Th17 cells differentiated ex vivo, the authors
show that NR2F6 interferes with NF-AT binding at the IL-17 promoter. Moreover, mice lacking
NR2F6 are prone to late-onset autoimmune pathology and have an increased susceptibility to
antigen-induced autoimmunity, resulting in elevated levels of IL-17. Given that Th17 cells are
tightly linked to the development of autoimmunity, this discovery of a negative regulator of
Th17 cell activation may provide new avenues for therapeutic intervention in autoimmune
diseases.
N. Hermann-Kleiter et al. (2008). Immunity 29, 205–216.
B Cell Autoreactivity Takes Its Toll
Previous work has shown that T cells promote the activation of autoreactive B cells. By examining mice (MRL-lpr) susceptible
to lupus, an autoimmune disease, Herlands et al. (2008) now reveal a mode of activation for autoreactive B cells that is T cell
independent. The authors show that B cell autoreactivity triggered by the injection of anti-chromatin IgG does not require
T cells. Similarly, inhibiting T cells only partially blocks the spontaneous activation of autoreactive B cells. T cells are thought
to be required to induce immunoglobulin V region somaticmutations in B cells, as somaticmutations are critical for generating
high-affinity autoantibodies. However, in this case the authors show that such mutations accumulate even in the absence of
T cells. These findings indicate that T cell stimulation is not essential for the activation of all subsets of autoreactive B cells.
Instead, activation of autoreactive B cells that include chromatin as a ligand is shown to be regulated by the Toll-like receptors
TLR7 and TLR9, which are more commonly associated with innate immune responses. The authors further show that B cell
expression of the Toll-like receptor adaptor protein MyD88 is required for B cell differentiation into antibody forming cells.
Together, these data suggest that loss of B cell tolerance may occur independently of T cells, thus revealing new complexity
in the breakdown of tolerance.
R.A. Herlands et al. (2008). Immunity 29, 249–260.
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